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Abstract. This article deals with the air quality modelling in two selected lo-
calities in the Czech Republic (CR). Data for the modelling were gained from
the public sources. Primary source was the data server Czech Hydro Meteoro-
logical Institute (CHMI). Rough set theory (RST), Decision Trees (DTs) and
Neutral Networks (NNs) were used for the analysis and the results comparison.
At the end of the article there is the possible usage of the outputs of the models
described. Outputs can help with the health protection of the inhabitants
through the regulations set by the public administration authorities.

1 Introduction

Risks connected to the polluted air are the ones of the main environmental dangers
[26,31], which are solved not only by regions, countries, but also by international or-
ganizations. This article deals with the synthesis and analysis of the air quality model
in the selected localities of Czech Republic (CR). The model is aimed at dust parti-
cles (PM10) and weather character in two selected localities CR — Pardubice and Os-
trava’s neighbourhood. PM10 were selected, because they create an important part of
the air quality and then they also carry the dangers of respiration diseases. Above all,
small children can suffer from asthma or chronic inflammation of the upper respira-
tory tract [19]. Dust particles also carry carcinogenic substances which make higher
the cancer risk significantly [2,3,28,31].

Using of methods of artificial inteligence in the weather conditions has been de-
scribed in many articles, for example in [4]. Problematic of the air quality modelling
in the CR regions was solved in the years 2007-2011 within the National Programme
of Research of Ministry of Environment CR “The environment and natural resources
protection”. It was a project no. SP/4i2/60/07 titled “Indicators for Valuation and
Modelling of Interactions among Environment, Economics and Social Relations”.
Suggested models used with data [21,22] from mobile and stationary meteorology sta-
tions in Pardubice’s neighbourhood. Theories of Neutral Networks (NNs), fuzzy sets
(FSs), Rough Sets Theory (RST) and Decision Trees (DTs) were used for creating the
classificatory models [21,22].

Particular situation in every place is dependent on local conditions [6]. There are
three main sources which participate at the overall level of the air pollution (pollu-
tion). First of them is the pollution from the big stationary sources (such as heating
plants, power stations, ironworks etc.). Overall level of the pollution from these
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sources is considered to be quite stable. Second source is the local heating. This
source is distinctly dependent on the type of fuel which is used in the selected locality
and then also on the weather. In the time of the decreasing temperatures the consump-
tion of fuel and also the amount of substances in the air increases. The last part is the
vehicular traffic, which significantly fluctuate between the main rush hours [2]. The
public administration authorities can react directly with the effective remedies to de-
crease the level of pollution. E.g. in the years 2006, 2008, 2009 and 2010 were an-
nounced “regulation states” for the Moravian-Silesian region connected to the smog
in the locality. This problem was, however, struggled in the big part of CR on 15"
Nov. 2011, including Pardubice’s region. Smog situation is defined in the regulation
§8 art. 1 of the Act [32] as ,,state of the exceptional air pollution, where the level of
air pollution by the polluting substance exceed the particular limit set by the imple-
mented regulation” explained, with reference to the article 1, that ,the exceptional
limit is thought to be the level of the air pollution, while exceeded, where is a risk of
health harm or harm of the ecosystem in very short exposition time” (regulation §8
art. 2 of the Act). The limit is 50pugm™.

11.11. 12.11. 1311, 14.11. 15.11. 16.11.

Emission limit

=+« Ostrava Privoz Ostrava Fifejdy ----- Pardubice Dukla

Fig. 1. Five-day concentration of PM10 in Ostrava (Pfivoz and Fifejdy) and Pardubice (Dukla)

At Fig. 1 is possible to see that the limits in Pardubice are slightly exceeded (13"
Nov. 2011). This did not lead to the signal of warning.

The warning is signalled unless the concentration of the suspended particles PM10
exceeds the limit 100 pgm™ in average within the last 24 hours. In Ostrava (measuring
stations Pfivoz and Fifejdy) at that time reached values of 200 ugm™ and more. Situa-
tion in Pardubice was quite worse during the afternoon on 12" Nov. 2011, when it
momentarily exceeded the value of 140 pgm™. Values leading towards the warning
signal were reached on 13" Nov. (3:00pm), when the average in the last 24 hours was
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101.52 pgm™. Measured values are accessible with 3 hours delay on the CHMI portal
[7]. But information about regulation state was publicly accessible with more than 18
hours delay. Pardubice’s town hall published the smog announcement [18] the follow-
ing day, i.e. 14™ Nov. 2011. The next source of information for the inhabitants is re-
gional, especially public broadcasting. That informed about the situation on 14" Nov.
2011 (10:36am) [S]. This situation does not correspond to the inhabitants needs.
Mainly for seniors and young children exposed to the values higher than 100 pgm™
(double as high as allowed norms) is harmfull. At the present delay of system of
warning can reach up to two days, from the first contravention of level of 100 ugm".

One of the options in an increase of the present state is the proceeding the air qual-
ity model, which can be used for prediction of the future state. It is possible to use the
measured values of PM10, as well as the weather character. This has a huge impact to
the air quality pollution [6]. If the model shows the high rate of accuracy, it could be
possible to use it for informing the inhabitants.

2 Problem Formulation

Moravian-Silesian Region (Ostrava is its part) is the unique part in concentration of
the large stationary sources of pollution (sources included to databases REZZO 1 and
2). This part of the pollution does not have any momentary differences. They form the
local level of the background, thanks to which the states of the pollution are better
identified. Due to the often occurrence of smog situations, Ostrava’s neighbourhood is
suitable for creation of the general model valid for the other CR regions. Air quality is
monitored from the long-lasting point of view and in extreme situations can be regu-
lated. Their portion of pollution is between 30 to 50 % in Ostrava [8]. Local sources
(households, small polluters) have significant portion at the situation in the local
neighbourhood and their regulation is very difficult. There is an assumption of corre-
lation between the amount of giving off combustion products and the weather (espe-
cially the temperature). The portion at the pollution is 30-50 % in Ostrava, in the case
of Pardubice it is estimated to 50 %. Other sources, such as traffic, can be regulated as
well as momentarily and long-lastingly (travel by public transport for free, restrictions
in entrance to problematic locations etc.). Their portion is between 15-40 % [2,3,8].

The weather plays the important role within the short-term air quality [8]. At the
large sources we assume the independence in amount of harmful substances given off
towards the weather [8]. At the small sources and traffic the correlation with the tem-
perature characteristics can be estimated [2]. Moreover, the inverse character of the
weather and wind speed will influence negatively the air quality. They cause that the
harmful substances accumulate at the exposed places [10].

Considering the low number of measuring stations in the city with lower normal
level of pollution [6], as they are Pardubice or Hradec Kralové, the model must be
counted with specific level of generalization. In every locality it is then possible to
monitor certain differences of maximal pollution values in the time [13]. Considering
levels of pollution, which are used for warning and regulation, the differences need
not to be reflected in the model.
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Fig. 2. Model of air quality in the selected location

2.1 Data Description and Pre-processing

The values measured at certain areas function as indicators of air quality. Data about
the weather are gained from meteorological stations at the airports Ostrava — MoSnov
and Pardubice. Moreover, the inputs from the stationary stations measuring the pollu-
tion were used. For Ostrava there were stations: Bartovice, Ceskobratrska, Fifejdy,
Marianské Hory, Poruba, Pfivoz, and Zabteh. In Pardubice there is one station meas-
uring PM10 and that is at Dukla. Every factors and their impact to specific air pollu-
tion situation can be examined by modelling. In Pardubice the examination was done
and outputs are in [12]. The examination was pursued with accurate data correspond-
ing to the local conditions. Situation with excessive amount of PM10 is not typical in
Pardubice. It is assume, that the model specified for Moravian-Silesian Region would
be calibrated gradually to the local conditions. The model uses 17 input variables,
which are described in the following Table 1.

For the dust particles classification the attributes 1;, 1,, m;, m,, ..., m;;, m, are
used. In the years 2006 to 2011 there was overall 451 observations selected. Training
and testing sets contained 366 observations altogether from the year 2008. Validation
set was created by the data from the years 2006, 2009, 2010 and 2011, when the air
pollution limits were contravened. Data from the years 2007 and 2008 were not
accessible.

When model was created, the results mentioned in [12] were evaluated.
The variables, which are relevant for the PM 10, were selected for next treatment. The
variables 1;, 1,, ¢|, ¢, mg and m,, were discarded, because they seemed to be a little
relevant on the level of used generalization. From the parameters m; to mg were then
derived 3 new variables d;, d, and d;, which record the occurrence of the inverse
character of the weather. Then the scale of air quality mentioned by CHMI was also
used [6], Table 2. The derived variable d, that describes the PM10 status in the time
period t (i.e. minus 24 hours) was assigned by categories.



Local Model of the Air Quality on the Basis of Rough Sets Theory 281

Table 1. Selected input variables of the model of the dust particles amount PM10

Name of variable Variable Type
of variable

Station I set

Type of station I set

Day in the year ci discrete

Day of the week Co discrete

Average/Maximal/Minimal day temperature city m;/my/m; continuous

Average/Maximal/Minimal day temperature my/ms/meg continuous
Lysd Hora

Average/ Maximal wind speed my;/mg continuous

Wind direction in the morning/in the afternoon moy/myg discrete

Air humidity/pressure my/mys continuous

Difference between the average/maximal/minimal di/d,/ds continuous
day temperature in the city and at Lysa Hora

PMI0 in the time (last 24 hours average ) ds continuous

Table 2. Scale of air quality

Index Air quality PM10 (average value per 1h in ugm™)
1 Very good 0-15

2 Good >15-30

3 Satisfactory >30-50

4 Convenient >50 - 70

5 Bad >70 — 150

6 Very bad >150

3 Suggestion and Model Analysis

Design of the model at the basis of RST is shown in Fig. 3. RST [1,15,24,25] is based
on searching common features from the data. It works with uncertainty within the up-
per and lower approximation and boundary region. Design of the model follows
the work [12,13], which confirmed the ability of RST usage during the air quality
modelling.

Categorized variables {k;, ko, k3, ky, ks, k¢} (Table 3) were derived from the former
variables {m;, mg, d;, my;, my,, ds} (Table 1) for the needs of RST usage thanks to the
equidistant scaling, except k. Their values and amounts of categories were set ex-
perimentally or come out of the description of the phenomenon due to [6]. Estimated
parameter v, an average value of PM10 in the following 24 hours had only two cate-
gories. Results of RST model were compared with DTs (algorithms C5 a CRT) [14]
and NNs. For algorithms DTs and NNs were used former continuous variables de-
scribed in Table 1.

There were 23 rules generated for determining the output parameter of the model v,
by software Rough Sets Exploration System (RSES) [29]. The rules were generated
using the algorithm Learning from Examples Module 2 (LEM2) [9]. Obtained rules
show the importance of each attribute. The most important parameters are inversion
ks, wind speed k; and average amount of PM10 in the last 24 hours k. All ten rules
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Fig. 3. Suggestion of the model via RST and its analysis

consist of these parameters which determine the negative value of v, , i.e. vy =1. The

most common negative rule is:

IF k=0 AND k;=1 AND ks=2 THEN v,=1.

)

It means that, in case of the inverse character of the weather and slow wind speed, the
air pollution stays concentrated at one place and makes the air quality worse in the se-

lected locality.

Table 3. Categorized variables for RST

Attribute / Name of atribute

Values of attributes (0; 1; 2; 3; 4)

k) / Day average wind speed [ms™]

0is <9; 11is 9-13; 2 is 13-17; 3 is 1721
and 4is>21

ko / Maximal wind speed [ms’l]

0is <9; 1is 9-14; 2 is 14-19; 3 is 19-24;
4 is >24

ks / Inverse weather character [°C/100 above
the sea level]

0is <2; 11is2-5;21is>5

0 is <66; 1 is 66-76; 2 is 76— 86; 3 is >86

ks / Humidity [%]
ks/ Pressure [hpsc m’l]

0is <1005; 1 is 1005-1012,5; 2 is 1012.5—
1020; 3 is >1020

ke / Average amount of PM10 in the last 24
hours [ugm™]

0is <22;11s22-37;21is 37-70; 3 is >70

vy / Average amount of PM10 in the follow-
ing 24 hours [ugm]

0is <70; 1is >70
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Accuracy of prediction reached 96.4 % (Table 4).

Table 4. Confusion matrix

Predicted value

0 1
Detected value 0 65
1 1 15

The result 96.4 % was compared with the results of DTs [13] and NNs. From the
suggested DTs there were two, which have the accuracy higher than 90 %. One of
them used the algorithm C5-boost and the second the algorithm CRT-boost. NNs with
the good results were Multi Layer NN (MLP) and Radial Basis Function (RBF) NN.
MPL NN has 6 neurons in the hidden layer and RBF NN 10 neurons. Comparison of
the model results is in Table 5.

The verification of the results was done at the validation set (Table 5). Its specific-
ity was much higher ratio of the days with negative air quality. This results in lower
accuracy of the examined methods. Prediction ability of the RST and algorithm C5-
boost and NNs methods is still quite high. Considering the complexity of the calcula-
tion and the following interpretation of the results, RST seems to be more robust and
suitable for making a prediction model of the PM10 in the air.

There were not found the other considerable differences at the weather impact to
the smog situation in Ostrava (accuracy 90.8 %) and Pardubice (accuracy 89.9 %).
There is still the most important parameter the value of PM10, the inverse character of
the weather and the average wind speed.

Table 5. Comparison of the results of the models at the basis of RST, DTs and NNs

Method Accuracy (test set) [%] Accuracy (validation set) [%]
RST 96.4 90.7
C5-boost 96.5 894
CRT-boost 93.8 84.7
MLP 96.2 91.3
RBF 95.2 90.8

If there were used the calculated rules at the basis of RST towards the predicted
value v, “Average amount of PM10 in the following 24 hours” during the warning
against the harmful impact of the smog situation, it could be possible to shorten the
length of the delay from the present average 36 hours to 3 hours. In that time are
verifing data onto the CHMI server.

4 Conclusion

In this article there was introduced the problematic of the air quality and the solution
of the warning system of the inhabitants against the negative impacts, which are con-
nected to the stay at the exposed places. Nowadays, there is a average of 36 hours
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delay in the informing the public about the air pollution. This delay is too long,
mainly with respect to the special groups (children, older people and people with res-
piration diseases). Creation the model, which identifies the bad quality of the air with
the outlook of the following 24 hours, is the possibility how to prevent the selected
groups of inhabitants from the health problems. Models are oriented to the amount of
dust particles PM10 and the occurrence of smog in Ostrava and Pardubice’s
neighbourhood.

Firstly, it was necessary to find out, process and describe the data from the mete-
orological and air pollution stations. At the same time we have characterized both ex-
amined regions. RST work with categorized variables, therefore there were derived
six variables. Data were then divided into three categories - training, testing and vali-
dating. Division of training and testing data was made by using the software IBM
SPSS Modeler 14.2. For the rules calculation the software RSES 2.2.2 was used. The
result rules were used for the prediction of “Average amount of PM10 in the follow-
ing 24 hours”.

Program RSES proved to be a suitable program for rules creation. The quality of
the prediction at the tested set reached 96.4 %. Then there was a comparison of DTs
and NNs made. The number of generated rules pointed out how robust RST is. During
the validation by RST there were very good results reached (RST 90.7%, DTs 89.4%
and MLP 91.3%).

Problems with air pollution belong to the important parts of the sustainable devel-
opment of the regions from the long-lasting point of view. At the present trend of the
larger cities development the solution and optimization of the air pollution will be the
priority. The model of testing in other large cities of CR seems to be a good idea.
With reference to the used methods the other high tech equipment is able to be used,
e.g. rough-fuzzy access, case-based reasoning etc.
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